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明支架压缩模量在 18.6-58.8 kPa 范围内可调，孔径大小在 52.3-138.5 μm 范围可



























The types of tissues include bone, muscle, nervous tissues, and etc. The optimal 
properties of scaffolds depend on the targeted tissues. Silk fibroin (SF) is widely 
applied widely in tissue engineering due to its good biocompatibility and superior 
mechanical properties. There are many types of SF scaffolds such as hydrogels, 
sponges, films and non-woven fabrics, and the features of SF scaffolds (conformation, 
mechanical properties, degradation rate, etc.) are also highly controllable. Hence, SF 
was utilized to fabricate scaffolds with designable properties in this study, and the 
cell-scaffolds interaction was also investigated.  
In the research of fabricating SF film with designable morphology, lithography 
technique was used to prepare silicon wafer with grating patterns and circular 
pillars/holes array patterns. The patterns were transferred onto polydimethylsiloxane 
(PDMS) followed by casting process to form patterned SF films. Human umbilical 
vein endothelial cells (HUVEC) were cultured onto the grating patterned films, and 
we found that cells were oriented along the grating and the shape of cells were 
“stretched”. The degree of cells orientation and stretching was decreasing with the 
increasing width of “ridges” and “grooves”. Cells cultured on circular pillars/holes 
array patterns appeared flat shape and the cell-attachment degree was related to the 
sizes and space of feature structure.  
In the fabrication of scaffolds with physical properties, we developed a simple 
method to fabricate lyophilized silk/agarose scaffolds with tunable features 
(mechanical property and pore structure) via controlling the gelation degree of silk 
fibroin and freezing-drying gels from different gelation degree. Sodium dodecyl 
sulfate (SDS) was utilized to accelerate the gelling process of silk with controllable 
rate. Agarose helped retain the shape of scaffolds after hydration and sterilization. 
Moreover, the scaffolds could be easily realized to desired shape for specific 
applications by shaping corresponding gels. The compressive modulus of scaffolds 
was tunable within a range of 18.6 – 58.8 kPa, and inner pore sizes could be tuned 















biocompatibility of silk/agarose scaffolds. Alkaline phosphatase (ALP) activity assay 
and mineralization analysis indicated scaffolds with higher mechanical properties 
were more beneficial for bone tissue engineering. 
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（如图 1-1 所示）。 
 
 
























































图 1-2 丝素蛋白应用在生物医学工程领域的主要形式[6]。 
 
1.2.2丝素蛋白的结构   
丝素蛋白中主要成分的分子量大约为（200-350 kDa，甚至更多），主体由疏
水链段的重复单元组成，中间穿插着一些小的亲水性基团[7]，其 N 端和 C 端被
包裹在内部而不暴露出来[8]。蚕丝丝素蛋白由通过二硫键相连的重链和轻链组成
[9]。重链的疏水区域包含大量的 Gly-X（Gly 为甘氨酸，X 可以是丙氨酸、丝氨
酸、苏氨酸和缬氨酸）重复单元组成，并易于形成反平行的 β-折叠构象。轻链则
表现为亲水性并相对更有弹性[10, 11]，结构如图 1-3 所示[12]。还有一个大约 25 kDa
大小的糖蛋白 (P25) 以非共价键的形式连接于丝素蛋白上，使丝素蛋白复合体
能够保持结构的整体性[13]。桑蚕丝丝素蛋白中重链：轻链：P25=6:6:1[14]，而非
桑蚕丝丝素蛋白则没有轻链和 P25 的存在[15]。 
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